Context: Spinal osteoid osteoma (OO) is an infrequent tumor and due to both its smallness and complex anatomy of the spine diagnosis is challenging. In addition, associated undefined soft tissue changes on magnetic resonance imaging (MRI) frequently cause misdiagnosis. Evidence Acquisition: PubMed database was searched for "spinal osteoid osteoma" and larger clinical series related to clinical pictures, diagnosis or treatment modalities, and also case reports with especially soft tissue changes and related to special treatment modalities were introduced to the study. It was aimed at to make conscious practitioners of clinical and diagnostic characteristics of spinal OOs. Results: Spinal OOs constitute about 10% of OOs and the most of the tumors are seen in adolescents or young adults. The most frequent clinical picture is painful scoliosis or torticollis according to the level of the tumor. On MRI that is the most frequently performed imaging modality in the patients with painful scoliosis, undefined extensive bone and soft tissue changes is quite frequent. Clinicians must be aware from these findings and they must suspect and investigate the patients with bone scintigraphy and thin sectioned computerized tomography that both of them together can show presence of the lesion and provide to determine exact location of the lesion. Despite the increasing number of the studies using percutaneous ablation techniques, standard treatment of spinal OOs is still intralesional excision. Surgical excision usually provides immediate pain relief, and recurrence is not frequent. Conclusions: Diffuse paravertebral muscle and soft tissue involvement having resemblance to myositis is not quite rare in the patients with spinal OO. This may be the sole finding on MRI and it must be alert for the clinicians to look for small OO nidus by bone scintigraphy or thin sectioned CT scan.
Context
Osteoid osteoma (OO) is a benign bone tumor consisting of a bone nidus surrounded by a fibrovascular tissue and separated from normal bone tissue with a dense sclerotic bone margin (1) . It was first reported by Bergstrand in 1930 (2) and it was defined as a different entity by Jaffe in 1935 (3) . Osteoid osteoma is a relatively frequent tumor and it constitutes 10.8% to 13 .5% of all primary benign bone tumors (2) . However, spinal involvement is infrequent and in only about 10% of cases the tumor was located in the spine (4) .
Because OO is a small tumor and spine has a complex anatomy, diagnosis is very difficult when this tumor is located in the spine, especially in cases with perinidal soft tissue changes.
Evidence Acquisition
Searching PubMed for "spinal osteoid osteoma" resulted in 503 articles. All of them were evaluated for clinical characteristics, diagnosis, differential diagnosis, treatment modalities, pathological characteristics, and outcome, particularly for associated soft tissue changes on MRI. Larger clinical series related to clinical pictures, diagnosis or treatment modalities, and also case reports with especially soft tissue changes and related to special treatment modalities were introduced to the study.
In this article, clinical and radiological characteristics and treatment modalities of spinal OOs are discussed and particularly associated paravertebral soft tissue changes are reviewed. It was aimed at to make conscious clinicians of clinical and diagnostic characteristics of spinal OOs.
Results

Incidence, Location and Demographic Characteristics
Although OO is a relatively frequent tumor that constitutes over 10% of all benign bone tumors, it is infrequently located in the spine, and only under 10% of the lesions occur in the spine (2, 5) . In a study from pathology laboratory of a big university hospital, only 8 out of 131 OOs were located in the spine or sacrum (6.1%) (5) . Therefore, spinal OO series are usually small and largest series in literature consist of 5 to 81 cases (4) (5) (6) (7) (8) (9) (10) Osteoid osteoma usually occurs in the first 3 decades of life and 90% of the patients are younger than 25 years. However, there are a few older patients in literature (12) . Osteoid osteoma has been reported in patients ranging from 2 to 56 years of age (13) . It has a male predominance and a male/ female ratio of at least 2:1 (2).
Spinal OOs are most commonly located in the lumbar followed by cervical and thoracic spine. They rarely occur in the sacrum (7, 14) . However, Gasbarrini et al. (15) showed a homogeneous distribution of pathological levels in a study of 81 cases with 28 in the lumbar, 27 in the thoracic and 26 in the cervical regions. The most commonly affected part of the vertebrae is the neural arch in 75% of cases, with 33% involving the lamina, 20% involving the articular facets, and 15% involving the pedicles (16) . Pars interarticularis is the most common (73%) site of involvement (7) . In only 10% of the cases, they are located in the vertebral body (17).
Clinical Picture
Pain
Most common clinical picture of spinal OOs is nontraumatic back or neck pain in a young patient. However, a few painless cases have been reported (18) . Frequently, scoliosis or torticollis associates to the pain according to the level of the lesion. Two of the important characteristics of this pain are to increase at night and to relieve by oral salicylic acid or other nonsteroidal anti-inflammatory drugs (NSAID) (2) . It is classically unrelated to activity (14) , and is initially dull, throbbing, and intermittent and becomes more intense and knifelike over time (19) . It is thought that this pain is caused by the presence of nerve endings and production of prostaglandins in the nidus (20, 21) . The production of prostaglandin may lead to an increase in vascular pressure, which may produce pain by stimulating afferent nerves around the nidus (20) . This explains the responsiveness of OO to salicylates or other NSAIDs (15) . Positive response to salicylates is reported in a range of 14% -90% in literature (7), and it could be used as a diagnostic clue (20) . Some authors suggest that the cause of synovitis and nonspecific arthritis that occurred in the OOs located adjacent joints is also prostaglandin release from osteoma. Duman et al. (22) reported a sacral OO located adjacent the sacroiliac joint causing pain mimicking sacroiliitis.
The average duration of pain is about 15 to 20 months in several studies, but it may be up to 68 months (7). This delay is usually due to not to call to mind of OO in differential diagnosis. Therefore, practitioners who are responsible for diagnosis and treatment of general symptoms and signs in young patients need to be aware of the possibility of OO in persistent spinal pain especially when associated with scoliosis (7).
Radicular pain is not frequently seen in the cases with spinal OO in contrary to the patients with spinal OB. However, in some patients long standing abdominal or thorax wall pain or pelvic pain mimicking sacroiliitis may be unique symptom according to the level of the lesion (22, 23) . In the series by Ozaki et al. (24) 2 of 9 cases and in the series by Raskas et al. (25) 7 of 11 patients had radicular pain. Spinal cord and nerve root compression is absent in most cases with radicular pain (26) . Radicular pain may be related to inflammation around the nerve root. Zenmyo et al. (26) reported two cases with radicular pain due to peritumoral inflammation that was histologically verified around the nerve root. Large amounts of prostaglandin E2 and prostacyclin released from the nidus may be related to the isolated root irritation (21) . Neurological deficits are also extremely rare in spinal OO (27) .
Scoliosis
Painful scoliosis is a very frequent symptom of spinal OO. Scoliosis is reported in 70% of the cases and spinal OO is the most common cause of painful scoliosis in adolescents (2/3) (1, 16). However, most patients with adolescent scoliosis have little or no pain. The curves are usually concave to the affected site (1). However, Saifuddin et al. (28) Scoliosis is considered to be secondary to muscle spasm and inflammatory changes of the adjacent soft tissues on the side of the lesion (1) . It was demonstrated that asymmetrically located lesions in the thoracic or lumbar spine are associated with the greatest risk of developing scoliosis (28) . Scoliosis may be due to muscle spasm secondary to an inflammatory reaction around the tumor (29). Assoun et al. (29) reported that 63% of the cases were associated with inflammatory changes in surrounding soft tissues. Aydinli et al. (1) explained absence of scoliosis in some spinal OO cases with absence of inflammatory changes around the tumor.
Scoliosis resulting from spinal OO was observed to be more pronounced in lumbar vertebra involvement and was more severe in youths than in adults (6) . Also, when the fourth or fifth lumbar vertebra is involved, it was generally associated with pelvic obliquity (17) . Kyphosis in spinal OO also may be produced by destructive lesions that cause wedge collapse of the vertebral body. Conversely, hyperlordosis has been described as a consequence of symmetric posterior muscle spasm (1).
After tumor removal, scoliosis is usually relieved spontaneously. However, Ransford et al. (30) reported that scoliosis may be structural and may not improve after surgery in the patients with long duration of the symptoms (> 15 months). They postulated that the concave-side muscle spasms will eventually cause asymmetric growth inhibition of the vertebral epiphysis, leading to a rotational deformity and the curve to become structural (30) . Zileli e al. (4) reported that only one case was required for scoliosis treatment among their 16 patients with spinal OO and OB.
Diagnosis
In spinal OOs, diagnosis is usually possible with thin sectioned detailed computerized tomography (CT), magnetic resonance imaging (MRI) and radionuclide bone scan. However, delay of diagnosis or misdiagnosis is very frequent because they are small lesions and spine has a very complex anatomy.
Bone Scanning
Very early diagnosis can be provided by isotope scanning in all cases of unexplained spinal pain and/or spasm. Even in the cases whose initial CT scan is normal, the nidus can be seen by bone scanning, and a repeated thin sectioned (2 mm) CT can show the lesion (31) . Although there are some cases who had false negative bone scanning in literature (32) , bone scan has high sensibility in diagnosis of OO, but low specificity (22) . Particularly, spondylolysis, another frequently seen lesion in young population, may cause misdiagnosis (33) . Presence of double density sign is more specific to OO in differentiation from spondylolysis (22) . This sign is characterized by a focal hot spot of the nidus and an area of low peripheral radionuclide accumulation in the perinidal sclerotic bone. Bone scintigraphy has been advocated to localize the vertebral level in young patients with clinically suspected OO, with subsequent targeted CT examination to define the nidus.
Computerized Tomography
Computed tomography can be helpful both in localizing the lesion in a single vertebra and for better definition of the lesion. This modality is more accurate than MR imaging in detecting the nidus of OO. If plain radiographs and bone scan were negative, it was reported that CT could be helpful for diagnosis and this was not uncommon with spine and pelvic lesions (1, 33) .
The tumor usually appears as a round and expansile lesion with reactive sclerosis in the surrounding bone. Its nidus contains thick internal trabecular bone embedded within a low-density matrix (2) . The nidus is radiolucent on radiographs and low attenuation on CT because it contains numerous osteoblasts with fibrous tissue richly supplied by blood vessels that are larger than normal (34) . Perinidal sclerosis is an important finding for OO. Harish and Saifuddin (33) reported that it was seen in 12 of 13 cases.
Magnetic Resonance Imaging
The nidus usually appears low to intermediate in signal on T1 and variable on T2 weighted images if it can be seen in the middle of the edema of adjacent bone and soft tissues and reactive sclerotic bone (2, 14) . Focal signal void due to matrix mineralization may be seen (33) . The lesion usually enhances after contrast administration, however, in some cases it may not enhance (2). However, the nidus is often obscured by the tremendous surrounding edema (14) . Davies et al. (35) reported a 65% accuracy of MRI in diagnosis of spinal OOs. Therefore, MRI has been considered to produce misleading appearances and cause diagnostic errors due to the presence of associated soft tissue mass, bone marrow edema and joint effusion by some authors (33) . However, at the present times, MRI is usually the first preferred investigation method for the cases with back and neck pain because of its noninvasiveness and harmlessness thanks to that it is free from radiation in contrary to bone scanning and CT. Therefore, clinicians treating those patients with spinal symptoms without evident signs should be aware of MRI findings of spinal OOs. If we know these signs on MRI, we can suspect the presence of OO and we can diagnose the lesion by bone scanning or CT (1) . When the small nidus is overlooked, paravertebral inflammatory changes may be misdiagnosed as inflammatory or malignant lesions; and the patients may undergo multiple long-term therapies for relief of pain, including unnecessary surgeries or biopsies (1). Guzey et al. (34) reported such a patient who was misdiagnosed as a neoplastic lesion and be subjected to an unnecessary soft tissue biopsy.
Perilesional bone or soft tissue intensity changes in spinal OO are very frequent (1). On MRI, intensity changes probably due to edema in both adjacent bone and soft tissues may be seen (33) . The presence of extensive perinidal edema is thought to be due to high levels of cyclo-oxygenase-2 expression in neoplastic osteoblasts in the nidus (33) . This condition may be interpreted as reflecting the reactive nature of these lesions. Reactive periosteal bone formation, nonspecific proliferative synovitis, and intimal fibromuscular proliferation in arteries adjacent to the OO nidus may also be viewed as other manifestations of this phenomenon (34). Yamamura et al. (36) found that the grades of peritumoral soft tissue reaction on MRI was correlated with elevated prostaglandin levels in some benign and malignant bone tumors such as chondroblastoma, chondrosarcoma, osteochondroma and OB.
Bone edema may extend through a few spinal levels, and posterior element involvement is distinctive probably due to more frequently posterior location of OOs. Harish et al. (33) reported that bone edema was seen as unilateral neural arch edema in 8 out of 13 patients, and they postulated that the presence of unilateral neural arch edema extending to involve the posterolateral vertebral body on MRI raises the possibility of spinal OO and should prompt CT to confirm the presence of a nidus. These changes may extend through a few levels, and soft tissue changes may affect both paravertebral soft tissues and also nerves. Gokce et al. (37) reported a case with T1 OO causing C7 to T2 nerve roots involvement and brachial neuralgia. In cases with intense and extensive edema, misdiagnosis is frequent (33) .
Soft tissue changes on MRI in cases with spinal OO were first reported by Woods et al. (38) in three cases in 1993.
After them, this condition was mentioned in detail in only case reports (26, 34, (39) (40) (41) (42) . Although bony and soft tissue changes are relatively frequent in these cases, unfortunately, large series of spinal OO in literature were mainly interested in treatment of lesions and they did not mention MRI findings in detail, especially soft tissue changes (5-10, 15) . Harish et al. (33) reported MRI findings of a series consisting of 13 patients. They reported the presence of adjacent bone edema in 11 cases and soft tissue changes in 4 cases. Ozaki et al. (24) mentioned that areas of high signal intensity due to perilesional edema were seen on the T2-weighted images in 9 of 10 patients, however they did not mention that how much of them soft tissue changes were seen in.
Perilesional soft tissue changes may be seen in other bony tumors such as chondroblastoma, chondrosarcoma, osteochondroma and OB (36). Crim et al. (43) also reported a case with spinal OB had similar soft tissue changes on MRI.
Misdiagnosis and Differential Diagnosis
Rate of misdiagnosis in spinal OOs is very high. Pourfeizi et al. (6) reported 54.5% misdiagnosis. Etemadifar et al. (7) reported in only 1 misdiagnosed case out of 19 cases, however, delay of diagnosis in their series was remarkable and duration of pain was 4 -56 months (mean 15.1 months).
Most important lesion in differential diagnosis of OO is OB that they differentiated from each other according to their size rather than the histological patterns. Osteoid osteoma is smaller than 1.5 centimeters in diameter and OB is larger (1, 37) . Osteoblastoma prefer spine to locate more frequently than OO. About 50% of OB cases are located in spine. Also, OB is less painful and when pain in present, it is not as severe at night and usually does not respond the salicylate treatment as was the pain of OO (4, 40) . In the WHO classification of tumors of soft tissue and bone, OO and OB continue to be listed as separate entities because it was reported a positive identification of innervation in OOs, but not in OBs by previous light microscopy (44) and immunohistochemistry (29) (3) speculated that where an 'OO/OB' arises within the cortex, its growing capacity is restricted both by the surrounding dense compact cortical bone and its closeness to the richly innervated periosteum resulting in relatively early clinical presentation with pain. Conversely, where the 'lesion' arises in medullary bone, it is able to attain a larger size as it is less constricted by the medullary trabecular bone, and is at a distance from the richly innervated periosteum enabling pain-free growth to occur for a longer period of time. According to the authors, this view would also explain the difference in age of clinical presentation between OO and OB that there was over a decade for the ages of clinical presentations. Another finding in literature supporting this view is that Cappuccio et al. (45) reported a case with an OO progressing to OB on the right C6 pedicle one year later.
Other lesions that must be kept in mind in differential diagnosis of OO are aneurismal bone cyst, giant cell tumor of bone, degenerative disc disease, facet joint diseases, previous trauma, malignancies and spondylolysis (1, 37, 40) . Particularly, spondylolysis may be frequently confused with OO because it is seen in similar age group and in similar location in vertebra. In addition, it causes enhancement on bone scintigraphy as to be in OO. However, perilesional bone edema is not distinctive on MRI in contrary to the OO (37). Pedicle bone marrow edema does not extend into the vertebral body in spondylolysis cases in contrary to OO (33).
Pathology
Osteoid osteoma is characterized by a nidus that may originate in the cortical, cancellous, or subperiosteal regions of a bone. The cortical (classical) type of OO is the most common one, while the cancellous and subperiosteal types are less frequent (2) . Spinal OOs are usually in cortical type.
They are small tumors and are usually under 2 cm in size. In Zileli et al. series, the diameters of spinal OOs were 1.5 to 2 cm (mean 1.7 cm) (4). Usually, a sclerotic rim surrounded the nidus is observed (4). The tumor size and presence of sclerotic rim are important features to differentiate the OOs from OBs (37) .
Histologically, the nidus is a well-circumscribed lesion composed of osteoid tissue containing irregular islets with an irregular network of osteoid trabeculae, varying degrees of calcification, and a highly vascularized stroma rich in cells (34) . This nidus is often surrounded by a rim occurring from reactive bone formation (2) .
Findings of histological examination of reactive soft tissue changes were reported in a few cases in literature. Woods et al. (38) reported marked skeletal muscle atrophy and prominent swollen endothelium including intimal fibromuscular proliferation in histological examination, and Guzey et al. (34) reported a chronic inflammatory reaction without neoplastic cells.
Treatment
Possible treatment modalities of spinal OOs range from a long-term NSAID therapy to surgery. The disease can be self-limiting, and pain may be relieved after 2 -8 years of conservative medical treatment because the nidus matures into bone tissue (1, 2, 17) . The pain responds well especially to salicylate, even scoliosis may spontaneously resolve by this therapy (34) . However, this may take several years and the side effects of chronic NSAIDs may be much more than surgery (14) . In rare adult patients, surgery is recommended if conservative treatment with NSAIDs fails (19) . However, in younger patients, the lesion is usually treated with surgical excision because of the risk that the compensatory scoliosis may become structural (19) . However, conservative treatment may also be performed in selected young patients with close followup. Jayakumar et al. (13) reported a 10 year old girl with T6 OO. She was treated with NSAIDs and she became entirely asymptomatic 16 months later. Her scoliosis was also abolished. Qiao et al. (20) reported another case with OO located in the dens of axis. They treated the patient with follow-up and medical treatment with celecoxib. After 2 years the patient was asymptomatic.
In some patients nonoperative treatment fails, or some patients may not tolerate a long-term NSAI therapy. In this condition surgical treatment is necessary. Surgical options in these patients are open resection or percutaneous techniques such as radiofrequency (RF) thermal ablation and laser coagulation. Experience with percutaneous techniques in extraspinal OOs is quite much; however, in spinal lesions they may be dangerous because of proximity of the lesions to the neural tissues (16) . They may be the first choice if the lesion location is appropriate. Small series with good clinical results are increasing in literature in last decade (17, 19, (46) (47) (48) . However, there are some drawbacks for these treatment types. Gangi et al. (10) recommended that percutaneous RF ablation should be contraindicated in spinal OOs if the nidus is < 5 mm from neurological structures because of the risk of thermal injury. Dasenbrock et al. (49) reported that plasma mediated RF ablation may allow with a decreased risk of thermal injury to neural structures compared with traditional RF or interstitial laser ablation.
Despite the increasing number of the studies using percutaneous RF techniques, standard treatment of spinal OOs is still intralesional excision. This may be provided by standard microscopic surgery, or by guidance of some technology such as CT guidance (50), video-assisted endoscopy (15) or navigation (51) according to the location of the lesion. The goal of OO surgery is to remove the nidus entirely without causing pathologic fracture, especially facets and pedicles or disrupting the adjacent uninvolved tissues (7) . Complete resection of OOs may require extensive removal of the posterior spinal elements, including the facet joints, in this condition fusion and stabilization may be required (49) . Gasbarrini et al. (15) reported that 5 of their 81 cases (6.1%) and Etemadifar et al. (7) reported that 4 of their 19 cases (21%) needed fusion and stabilization. In addition to instability, other surgery related complications such as vertebral artery injury, delayed rupture of a vertebral artery, and spontaneous fusion with deformity were reported (51).
Outcome
Surgical excision usually provides immediate pain relief (14) . Recurrence is not frequently seen, especially in the cases whose tumors are removed totally (7) . Resection of the lesion remains the best option for achieving a cure and complete resection produces long-term remission in up to 95% of cases (2, 7) . In the cases with scoliosis or torticollis, the curves usually heal spontaneously (4, 7, 25) .
Conclusions
Spinal OOs are not frequently seen tumors. They usually occur in young patients and cause painful scoliosis or torticollis according to their location. However, in the most commonly seen scoliosis type of young patients, idiopathic scoliosis, pain is generally absent. Therefore, painful scoliosis in young patients, especially if pain is aggravated at night, spinal OO must be thought. Diffuse paravertebral muscle and soft tissue involvement having resemblance to myositis is not quite rare in these patients and this may be the sole finding on MRI. In this circumstance, small OO nidus must be looked for by the bone scintigraphy or thin-sectioned CT scan.
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